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Abstract: Body size is a trait that results from evolutionary and ecological processes. Body size not only 
provides information on the physical condition of individuals but also on the shift in community structure 
across space and time. Here, we aimed to investigate whether the body size of the migratory fishes changed 
over time and to ascertain the abiotic variables explaining these changes; and whether the effect on body 
size was different between fish in dammed (Paraná River) and undammed (Ivinhema River) rivers. Using 
a temporal series (1986 - 2018) and linear mixed effects models, we evaluated the effects of the abiotic 
variables on the standard length of the fish species from a floodplain system. We found that fish body size 
tended to decrease; the mean body length had decreased by 25 % since 2000. Abiotic variables related to 
seasonal variability (water level) and those affected by reservoir operation (water transparency and nutrients) 
explained the decrease in body size. Our results highlighted that larger migratory fish were found in the 
undammed river in lower transparency habitats.
Keywords: flood regime; growth; hydroelectric dam; ichthyology; potamodromous.
INTRODUCTION
The dams resulting from the installation of 
hydroelectric power plants to meet the increasing 
demand for electricity generate many impacts 
at the local, regional and basin scales (Agostinho 
et al. 2007a, Winemiller et al. 2016); currently, 
they are among the main threats to freshwater 
biodiversity (Rahel 2007). The most noticeable and 
robust effect is the disruption of river longitudinal 
connectivity and changes in environmental 
conditions (Thorton et al. 1990, Ward & Stanford 
1995), with impacts appearing both upstream 
and downstream (Agostinho et al. 2008). The 
upstream impacts are mainly due to population 
fragmentation, the introduction of exotic species, 
and changes from the lotic to lentic environments 
in the reservoir region (Agostinho et al. 2007a, 
Agostinho et al. 2008). The downstream impacts 
include changes in the hydrological regime, the 
environmental physicochemical characteristics, 
productivity dynamics, structure and functioning 
of assemblages (Agostinho et al. 2004a, Agostinho et 
al. 2007b, Olden et al. 2010, Wohl et al. 2015, Santos 
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et al. 2018) and can be even higher when dams are 
built upstream of floodplains (Kingsford 2000).
The thermal regime of rivers and flood 
seasonality play an important role in the health 
of aquatic ecosystems, directly influencing the 
distribution and life cycle of species (Ebersole et 
al. 2001, Caissie 2006). Water warming can have 
an effect on freshwater fish metabolism and up to 
an optimal limit has a positive effect on species 
behavior, especially in temperate regions (Brett 
1971, Biro et al. 2006, Farrell et al. 2009, Dibble et 
al. 2018). However, if the temperature exceeds the 
thermal optimum, unless fish can compensate 
with higher food intake or reallocation of caloric 
resources, the increased metabolism associated 
with water warming will reduce their growth 
rates (Jobling 1997, Biro et al. 2006), causing 
decreases in the body lengths of fishes (Daufresne 
et al. 2009, Sheridan & Bickford 2011). In addition, 
water warming also plays an important role in 
fish reproduction, as along with the increase in 
the photoperiod, water warming is a trigger for 
gonadal development and maturation in some 
species (Vazzoler 1996). Physicochemical changes 
in the river may also alter the spawning and 
survival patterns of offspring in the early stages 
of development (Ficke et al. 2007), decreasing the 
number of adults in the population, which has an 
indirect effect on fish size. Body size is related to 
several ecological processes, such as population 
dynamics, community structure and function, and 
ecosystem fluxes and exerts strong control on the 
biomass in the trophic cascade (DeLong et al. 2015). 
The change in the productivity dynamics caused 
by the retention of nutrients in reservoirs leads to 
an increase in water transparency, reducing the 
nutrient availability and affecting river trophic webs 
(Hoeinghaus et al. 2008). Nutrient retention also 
has an effect on fish growth (Gomes & Agostinho 
1997), either indirectly by disrupting interactions 
and simplifying food webs (Cross et al. 2013) or 
by reducing food resources for detritivorous fish 
(Magalhães et al. 2017, Santos et al. 2017).
In river floodplain systems, migratory fishes are 
directly affected by the downstream effects of dams, 
mainly due to flow control and the disruption of 
migration routes (Agostinho et al. 2007a, Antônio et 
al. 2007, Pelicice et al. 2015). Migratory fish species 
are generally medium or large in body size and often 
have roles as top predators and are fundamental to 
food web structure, nutrient transportation and 
cycling (Winemiller & Jepsen 1998). Moreover, 
migratory species have high social and economic 
relevance, both for artisanal and sport fishing 
(Lima 1986, Mateus et al. 2004, Hoeinghaus et 
al. 2009). Thus, the impacts of dams on their life 
cycles (Oliveira et al. 2015, Angulo-Valencia et al. 
2016) and overfishing are the main threats to these 
species (Allan et al. 2005, Hoeinghaus et al. 2009).
Body size is a trait that results from 
evolutionary and ecological processes. Body size 
not only provides information on the physical 
condition of individuals but also on the shift 
in community structure across space and time 
(Guinot & Cavin 2018, Villar & Naya 2018). Thus, 
the diminished body sizes of migratory species, 
which are the most economically valuable 
species, can have an impact on fisheries resources 
and other human activities, mainly in ecosystem 
functioning (Oliveira et al. 2018). However, short-
term studies in environments that have frequent 
perturbations, such as flood pulses, cannot be 
sensitive to changes in the body size trends. For 
this reason, long-term studies can offer more 
accurate data that encompasses a great variety 
of environmental conditions and the consequent 
responses of assemblage (Lindemayer et al. 2012). 
The long-term research conducted on the upper 
Paraná River floodplain (LTER - Site 6), which is a 
diverse environment fed by both rivers dammed by 
upstream hydroelectric dams and by undammed 
rivers, allows studies such as this to be carried out.
In this context, the main objective of this 
study was to evaluate the long-term impacts 
of temperature, flow regulation, and sediment 
retention from hydroelectric dam construction on 
migratory fish body size in the upper Paraná River 
floodplain and whether the effect on body size 
was different between fish in dammed (Paraná 
River) and undammed (Ivinhema River) rivers. 
We hypothesized that fish body size decreased 
after the closure of the dam and that migratory 
fish would be smaller in the dammed river than 
in the undammed river. We expected that the 
increasing temperature and sediment retention 
and reduced flooding due to hydroelectric dam 
construction would negatively affect the body 
size of migratory fish.
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MATERIAL AND METHODS
Study area
The upper Paraná River basin comprises the 
largest rivers in midwestern and southern Brazil 
and also has the most dams in South America. 
The remaining protected fl oodplain of this 
basin is situated between the Engenheiro Sérgio 
Motta hydroelectric dam (built in 1998) and the 
Binacional Itaipu hydroelectric dam (built in 
1982) (Figure 1). The fl oodplain extends over a 
230-km stretch of the Paraná River and plays 
a fundamental role in the maintenance of fi sh 
populations and regional aquatic biological 
diversity (Agostinho et al. 2001, Agostinho et 
al. 2008). Situated in the western margin of the 
Paraná River, the fl oodplain includes a high 
diversity of habitats, with ample fl ooded areas, 
islands, lakes, canals, and two major tributaries, 
namely, the Ivinhema and Baia Rivers  (Agostinho 
Figure 1. Study area, which includes 36 sampling sites on the Ivinhema (undammed) and Parana (dammed) 
rivers, during the temporal series.
et al. 2000). The Paraná River is regulated by a 
cascade of dams upstream but receives infl ow 
from large tributaries and still has marked 
variations in water level, although without the 
same intensity and frequency as before the dams 
were built  (Gubiani et al. 2007). The Ivinhema 
River does not have hydroelectric dam; however, 
it experiences indirect eff ects from the regulation 
of the dams in the Paraná River.
Sampling
Fish and abiotic variables were sampled before and 
after the construction of the Engenheiro Sérgio 
Motta hydroelectric dam (Porto Primavera dam). 
The before period extended from 1986-1988 and 
from 1992-1995, with monthly sampling at 12 sites. 
The after period was from 2000-2018, with quarterly 
sampling at 12 sites, except in 2000 and 2010, when 
there were 36 sites.
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Fishes were collected using 10 gillnets of different 
mesh sizes (3–16 cm between opposite knots on 
20 m long nets) for both periods. The nets were 
deployed for 24 h and checked at 22:00 h, 8:00 h, 
16:00 h. The captured fish were anaesthetized with 
5 % benzocaine and killed. Each fish was identified 
based on specialized literature, the standard length 
was recorded (SL; cm), and the stage of gonadal 
maturation was determined (Vazzoler 1996, Brown-
Peterson et al. 2011).
We considered only adult fishes that presented 
gonads in the stages of maturation, which were 
initial maturation, maturation, mature, semi-
depleted, depleted, and recovering. The remaining 
fishes were removed from the sample to avoid 
confusion between the juvenile and adult stages as 
the first resting stage occurs before the maturation 
period (Suzuki H. – personal communication).
The water from the subsurface layer was 
collected with a van Dorn bottle from a point in 
the pelagic zone. With digital potentiometers, 
the physicochemical variables were measured, 
including the water temperature (ºC) and water 
electrical conductivity (μS.cm-1), and the water 
transparency (m) was measured with a Secchi disc. 
For analysis of the productivity variables, which 
included the concentrations of chlorophyll-a (μg.l-
1), total nitrogen (μg.l-1), and total phosphorus (μg.l-
1), water samples were obtained and preserved on 
ice. Subsequently, these samples were processed 
at the Nupelia Basic Limnology Laboratory of 
State University of Maringá, according to the 
methodology presented by Golterman et al. (1969) 
for the estimation of the phytoplankton biomass 
(chlorophyll-a) and according to Mackereth et al. 
(1978) for the nutrients. During the before period, 
the variables were sampled only in rivers (Baia, 
Ivinhema and Paraná), and during the after period, 
these variables were sampled in all sites (lakes and 
rivers – Figure 1). The samples were standardized 
on an average for the entire months when the fishes 
were collected.
Hydrologic data were provided by the National 
Water Agency (Agência Nacional das Águas – ANA; 
Sistema Nacional de Informações Sobre Recursos 
Hídricos – SNIRH) and were obtained through 
daily water level (WL; cm in relation to the location 
of a hydrometric station at 231.8 m a.s.l.) readings 
at the gauging station on the Paraná River (Porto 
São José hydrometric station; registration number 
64575000) and in the Ivinhema River (Fazenda 
Ipacaraí hydrometric station; registration number 
64614000). The time series for this variable was 
composed of the arithmetic mean of the daily 
WL for the entire months when the fishes were 
collected.
Data analysis
The possible patterns in the abiotic variables in the 
undammed and dammed rivers were summarized 
using principal component analysis (PCA) with 
normalized data. We used the broken stick model 
criteria for principal component selection and 
retained for interpretation the abiotic variables that 
had correlations greater than 0.70 (eigenvectors) 
(Jackson 1993).
As we were interested in the temporal trend 
of body size of migratory fish, the analyses only 
considered adult individuals of the thirteen most 
abundant migratory fish (Table 1). We calculated 
quantiles for the individual body lengths (standard 
length) within each sampling campaign. First, 
a Welch’s ANOVA (Moder 2007) was carried out 
to test whether fish body size differed among the 
sampling periods: before (1987–1995) and after 
(2000–2018) the closure of the Engenheiro Sérgio 
Motta reservoir. Welch’s ANOVA was chosen due 
to the heterogeneity in the variance of the body 
length.
Then, linear mixed-effects models, in which 
sampling campaign was a random variable and 
the data had a Gaussian distribution (identity 
link function), were fitted to investigate the 
effect of abiotic variables (water temperature, 
water electrical conductivity, water transparency, 
chlorophyll-a, total nitrogen, total phosphorus and 
water level) on the temporal trend of each standard-
length quantile. As multiple sites were sampled 
and the data collected during each campaign 
and the fish body size could vary among the sites 
and during the different sampling, the sampling 
campaigns were considered random variables. 
Additionally, when the response variables are not 
normally distributed, the log-Gaussian models 
allow the log-transformation of the response to be 
internalized by exponentiation of the explanatory 
variable and then linearization of the relationship 
with body length; this transformation reduces 
the difficulty of interpreting the log-transformed 
response variables (Hardin & Hilbe 2018). As water 
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temperature covaries with time (seasonal and 
long-term trends) and floods may vary with the 
river water level, the effect of this interaction terms 
was considered in the models. The best models 
were selected using the delta Akaike information 
criterion (AIC), i.e., the models with the lowest delta 
AIC values were retained for the interpretation 
(Burnham & Anderson 2002). Then, the nonlinear 
effects of the abiotic variables with higher 
coefficients on body size and their interactions 
with time were modeled using generalized additive 
models; sampling campaign identity was again 
used as a random variable. The analysis were 
performed in the R platform (R Core Team 2019). 
The PCA was performed using the package “ade4” 
(Dray & Dufour 2007), and the Welch’s ANOVA 
using the package “car” (Fox & Weisberg 2019). The 
linear mixed effect models were fitted using the 
package “lme4” (Bates et al. 2015) and also “car”, 
and generalized additive models using the package 
“mgcv” (Wood et al. 2016). 
RESULTS
The two first axes of the PCA explained 57.01 % of 
the variation in the considered abiotic variables 
(Figure 2). The water transparency (r = -0.83), total 
phosphorus (r = 0.79) and water level (r = 0.75) were 
the main drivers of environmental variability (axis 
1). The second axis mainly captured the temporal 
variation in the water temperature (r = 0.70) within 
each river. Then, the sampled rivers differed from 
each other, with the Paraná River showing higher 
water transparency (2.05 ± 0.80 m vs 0.62 ± 0.30 m) 
and lower total phosphorus concentration (24.01 ± 
14.18 μg.l-1 vs 55.02 ± 17.55 μg.l-1).
Overall, there was a significant decrease in the 
body size of migratory fish over time from 1987 to 
2010. Welch’s ANOVA showed that the average body 
length was 25% lower after 2000 (mean from 1987-
1995 = 34.5 cm; mean from 2000-2018 = 25.4 cm; F 
= 2.104, N = 10.721, df = 1, p < 0.001). After model 
selection, the water level, year and nutrients were 
the main explanatory variables explaining the fish 
body size (Table 2). Thus, the decrease in body size 
appeared to be mainly associated with a negative 
effect of water transparency on the 50 % and 75 
% quantiles (15.4 - 65.0 cm standard length). The 
water level and phosphorus concentration showed 
a positive effect on the large organisms (25.2 - 109.6 
cm), but the water level was only significant for 
the undammed river (Figure 3a). The nonlinear 
interactions of the time and abiotic variables (Figure 
3b) showed that larger individuals were captured 
mainly before 2010 except when the habitats had 
higher water transparency and lower water levels. 
Table 1. Mean and standard deviation of the standardized length of the migratory fishes in the Ivinhema 
(undammed) and Paraná (dammed) rivers of the upper Paraná River floodplain (N = number of individuals).
Species
Ivinhema Paraná
Mean ± sd N Mean ± sd N
Brycon orbignyanus 20.54 ± 7.99 121 27.35 ± 6.50 29
Hemisorubim platyrhynchos 28.06 ± 7.20 626 26.37 ± 6.25 26
Megaleporinus obtusidens 25.73 ± 7.53 63 21.93 ± 5.50 126
Megaleporinus piavussu 22.49 ± 5.54 347 23.62 ± 6.03 135
Piaractus mesopotamicus 25.37 ± 7.33 172 21.85 ± 7.22 19
Pinirampus pirinampu 46.19 ± 7.77 45 47.76 ± 10.77 5
Prochilodus lineatus 22.4 ± 5.60 3838 20.6 ± 5.08 1597
Pseudoplatystoma corruscans 40.96 ± 16.73 370 41.87 ± 13.63 72
Pterodoras granulosus 25.8 ± 6.89 427 36.47 ± 7.77 83
Rhaphiodon vulpinus 38.12 ± 4.73 923 36.98 ± 4.97 666
Rhinelepis aspera 30.2 ± 3.14 112 29.14 ± 3.82 295
Salminus brasiliensis 36.68 ± 9.56 221 32.86 ± 11.26 79
Salminus hilarii 21.79 ± 3.1 81 20.44 ± 3.23 17
Sorubim lima 28.68 ± 8.0 148 31.26 ± 7.14 78
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Figure 2. Ordination results from the principal coordinates analysis, indicating the differences in the 
abiotic variables between the Ivinhema (IVI) and Paraná (PAR) rivers. EC = electrical conductivity; Temp = 
temperature; TN = total nitrogen; TP = total phosphorus; Transp = transparency; W.level = water level.
For example, the individuals with standard lengths 
greater than 50 cm were captured when the water 
levels exceeded 400 cm. Thus, larger sizes of 
migratory fish were found in the undammed, lower 
transparency habitats (F = 47.62, N = 147, df = 1, p < 
0.001; Figure 4).
DISCUSSION
The body size of the migratory fish decreased in 
the Neotropical floodplain after hydroelectric 
dam construction, with a greater effect on the fish 
in the dammed river. There was a sharp decline 
until 2010, with an increase in body size during 
the following years, which was more distinct in 
the undammed river. The low water levels and 
higher transparency were the abiotic variables 
that are related to this decrease in body size, and 
the temperature exhibited the opposite expected 
result. Therefore, the hypotheses of this study were 
partially corroborated.
The decrease in migratory body size was related 
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Table 2. Summary of the Akaike information criterion (AIC) results for the models relating fish body length, 
time and abiotic variables. T = water temperature; WL = water level; Transp = water transparency; TN = total 
nitrogen; TP = total phosphorus; Q1 = First quantile (25%); Q2 = Second quantile (median, 50%); Q3 = Third 
quantile (Mean); Q4 = Fourth quantile (75%); Q5 = Fifth quantile (Maximum values of standard length). The 
most informative models according to the ΔAIC are in bold. Models with ΔAIC between 0–2 have higher 
support. DF = degrees of freedom. Weight = the weight of evidence for each model using the Akaike weights.
Model DF ΔAIC Weight
Q1
Year + WL:River 5 0 0.52
Year + Transp + River 6 1.4 0.26
Year + Transp + River + Year:Transp 7 2.6 0.14
Year + Transp + River + TP+ Year:Transp 8 3.7 0.08
Year + T + Transp + WL + River + TP+
TN + Year:T + Year:Transp + WL:River
13 11.6 0.02
Year + T:Year + Transp:Year + WL:River + Chl + TP+ TN 14 13.5 0
Q2
Year + T:Year 5 0 0.40
Year + T + TP 6 1.2 0.22
Year + T + Transp + TP 7 1.2 0.21
Year + T + Transp + TP+ Year:T 8 2.3 0.12
Year + T + Transp + River + TP+ Year:T +Year:Transp 10 4.5 0.4
Year + T:Year + Transp:Year + WL:River + Chl + TP+ TN 14 10.8 0
Q3
Year + T + Transp + TP+ TN 8 0 0.41
Year + T + Transp + TP+ TN + Year:Transp 9 0.4 0.34
Year + T + Transp + TP+ TN + Year:T +Year:Transp 10 1.6 0.19
Year + T + Transp + River + cloro_scl + TP+TN + Year:T + Year:Transp 12 4.8 0.04
Year + T + Transp + River + TP+ Year:T +
Year:Transp
13 6.7 0.01
Year + T:Year + Transp:Year + WL:River + Chl + TP+ TN 14 8.2 0
Q4
Year + T + WL + TN 7 0 0.39
Year + T + Transp + WL + TN 8 0.1 0.37
Year + T + Transp + WL + River + TN +Year:Transp 10 1.9 0.15
Year + T + Transp + WL + River + TN +Year:T + Year:Transp 11 3.6 0.06
Year + T + Transp + WL + River + cloro_scl +TN + Year:T + Year:Transp 12 5.3 0.3
Year + T:Year + Transp:Year + WL:River + Chl + TP+ TN 14 9.2 0
Q5
Year + T + WL + River + Year:T +WL:River 9 0 0.40
Year + T + WL + River + TP+ Year:T +WL:River 10 0.2 0.37
Year + T + Transp + WL + River + TP+Year:T + WL:River 11 2.1 0.14
Year + T + Transp + WL + River + TP+Year:T + Year:Transp + WL:River 12 3.9 0.06
Year + T + Transp + WL + River + TP+TN + Year:T + Year:Transp + WL:River 13 5.9 0.02
Year + T:Year + Transp:Year + WL:River + Chl + TP+ TN 14 7.9 0.01
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Figure 3. Effects of abiotic variables on the standard length. a) coefficients; 95% confidence interval and 
p-values for the mixed linear effects models. Trans: water transparency; TP = total phosphorus; TN = 
total nitrogen; WL = water level; Temp = water temperature. b) Effects on the standard length (cm) of the 
interaction of the main abiotic variables and time. Light colors for larger standard-length values. Q1 = First 
quantile (25 %); Q2 = Second quantile (median, 50 %); Q3 = Third quantile (Mean); Q4 = Fourth quantile (75 
%); Q5 = Fifth quantile (Maximum values of standard length).
reduced the seasonal fluctuations in the river level 
and postponed and, in some cases, neutralized the 
flood peaks (Agostinho et al. 2007a). The absence 
of flooding also influences the recruitment of 
migratory fish, reducing the population size in 
subsequent years (Welcomme 1979, Agostinho 
et al. 2004b, Oliveira et al. 2015). In addition, the 
floods inundate vegetated areas and connect 
to alterations in hydrological regimes. These 
regimes are naturally controlled by the intensity 
of precipitation in the upper section of the basin 
(Comunello et al. 2003, Agostinho et al. 2004c). 
However, the Paraná River hydrological regime is 
influenced by the hydroelectric dams that regulate 
river to meet the energy generation demands (Souza 
Filho 2009). The regulation imposed by the dams 
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isolated water bodies, creating favorable conditions 
for shelter and increasing the availability of food 
for the alevins and juveniles of migratory fishes 
(Fisk et al. 2013). Thus, variation in the intensity 
and duration of floods affects food availability and 
consequently the nutritional condition (Abujanra 
et al. 2009) and growth of the juveniles and has a 
synergistic effect with predation related to the size 
and natural mortality rates (Gomes & Agostinho 
1997). That is, fewer individuals reach large body 
sizes, leading to a decrease in the body length in 
the population over time. Previous studies that 
assessed the trait diversity showed that the fish 
communities in the surveyed region had suffered 
a loss of functional traits related to the migratory 
species (largest maximum length values, long-
distance reproductive migrations and use of pelagic 
habitats) (Oliveira et al. 2018). These changes in 
trait diversity were related to the operation of the 
upstream hydroelectric dam and the alteration of 
the hydrological cycle (Baumgartner et al. 2018).
The reservoir cascade retains some of the 
sediment suspended in the water and has increased 
the river transparency over the years (Roberto et al. 
2009, Santos et al. 2017). The lack of nutrients is 
Figure 4. Temporal trend in the fish body length in the Ivinhema (IVI - undammed) and Paraná (PAR 
- dammed) rivers. Q1 = First quantile (25 %); Q2 = Second quantile (median, 50 %); Q3 = Third quantile 
(Mean); Q4 = Fourth quantile (75 %); Q5 = Fifth quantile (Maximum values of standard length).
detrimental for food webs and has severe impacts 
on primary productivity and the trophic status, 
since turbidity plays an essential role in predator-
prey interactions, diminishing the predation risk 
(Turesson & Brönmark 2007, Santos et al. 2018). 
Consequently, in more transparent waters where 
all ontogenetic phases of fish can be predated, 
fewer individuals can reach large sizes. This abiotic 
change associated with the blockage of migratory 
routes (Antônio et al. 2007) may be responsible for 
the sharp decrease in the size of migratory fish, 
which eventually began to avoid the Paraná River 
during migration.
The increase in temperature observed in the 19-
year time series can be attributed to a synergistic 
effect between the reservoir cascade and the 
predicted climate warming. Studies have shown 
future impacts of climate change on the freshwater 
fish distribution in the tropical regions (Lopes et 
al. 2017, Ruaro et al. 2019), and decreased body 
size has been considered the third response to 
global warming (Gardner et al. 2011). In contrast 
with what we expected, the water temperature 
positively influenced the migratory fish body size 
over time. In our results, the temperature showed 
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a slightly positive effect on body size and likely 
captured the seasonal variation more than the 
long-term increase in temperature. Both effects 
(increase and decrease in body size) have already 
been reported in the literature for different 
groups of organism, with positive relationships 
for mammals (Ozgul et al. 2010), but for the fish 
species in temperate latitudes a consistent pattern 
of reduction in body size has been found (10 % - 
44 %; Daufresne et al. 2009, Sheridan & Bickford 
2011, Tu et al. 2018. For potamodromous migratory 
fish in the Neotropical region, water temperature 
is an important trigger for the reproductive cycle, 
stimulating the onset of adult gonad maturation, 
which is completed during the migration to 
spawning sites (Bailly et al. 2008, Suzuki et al. 
2009). The negative effects of river damming 
likely surpass the effects of the increase in mean 
temperature, and the effects on body size can take 
longer to become apparent than those in smaller 
species, which are more sensitive to temperature 
changes due to constraints from metabolic 
allometries (Gillooly et al. 2001). We emphasize the 
idea that a positive effect can be found until the 
temperature value that characterizes the optimal 
limit of physiology is reached, and higher values 
can affect several biological factors and can even 
be lethal.
The influence of temperature can be seen to 
change the dynamics of ecological systems at 
almost every level, from the physiology of organisms 
to the rates of ecosystem fluxes (Riemer et al. 2018). 
Since temperature influences the metabolic rate 
and size during the juvenile stage via growth and 
development rates (Dabrowski 1986, Sumaila et al. 
2011), if the temperature continues to rise at the 
same rates, the future thermal conditions on the 
floodplain may become detrimental for fish species 
(Hopkins et al. 2011, Cheung et al. 2013). Moreover, 
in the dammed rivers, the effects could be even 
greater for migratory fish because in addition to 
disrupting the migratory routes, the dams disrupt 
the routes for reaching climatically suitable 
areas, changing the geographic distributions of 
the species (the second universal rule of global 
warming) (Gardner et al. 2011) in a process known 
as “niche tracking” (Monahan & Tingley 2012).
Despite the marked decrease in migratory body 
size, there was a change in this trend after 2010, 
and larger individuals began to be sampled on 
the floodplain. This trend may be related to the 
large floods during the periods from 2009-2010 
and from 2015-1016, which were caused by El 
Niño (Southern Oscillation – ENSO) (Oliveira et al. 
2015), which probably favored the recruitment and 
maturation to adulthood of the migratory species. 
The intermediate-length adults (represented here 
by Q3 and Q4) increased to a higher proportion 
of the assemblages in the Ivinhema River, which 
was probably related to the lasting floods that 
occurred from 2015-2016. Thus, the sequence of 
intense and lasting floods was important for the 
reestablishment of the migratory assemblage on 
this floodplain.
When we analyzed the largest adults in the 
population (represented here by Q5), the migratory 
fishes of the Parana River were smaller than those 
of the Ivinhema River before the Engenheiro Sérgio 
Motta hydroelectric dam. Three kinds of fisheries 
were found in the region: commercial, artisanal and 
recreational (Petrere 1989, 1996). Historically, the 
main catches comprised migratory species, such 
as Salminus, Prochilodus, Piaractus and several 
catfish species (Agostinho et al. 2007b). These 
species are highly desirable in regional markets, 
mainly because of their high-quality flesh. However, 
overfishing and especially dam construction have 
negatively impacted the populations of these 
species, and catches have decreased substantially 
over the years (Agostinho et al. 1999, Petrere et al. 
2002, Hoeinghaus et al. 2009). With the Paraná River 
basin yielding ≈ 30 % of the fisheries production in 
Brazil (IBGE 2016), we inferred that historical fishing 
in this region had fostered the removal of the largest 
migratory fishes from the Paraná River. In addition 
to the importance of the fisheries for the size 
structure, Tu et al. (2018) highlighted that fisheries 
can accentuate the effects of abiotic variables, such 
as temperature, and can affect the structure of fish 
stocks. The presence of larger fish in the Ivinhema 
River demonstrated the importance of permanent 
preservation areas, such as the “Parque Estadual 
das Várzeas do Rio Ivinhema” in this river; the large 
tract of the preserve includes essential areas for the 
spawning of migratory species and protects the 
lower portions of the Ivinheima River, which are 
the main “nurseries” in the undammed segment of 
the upper Paraná River floodplain. For a keystone 
like the “dourado” Salminus brasiliensis (Ruaro 
et al. 2019), the fishery is forbidden until 2026 in 
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the Paraná state (Law N. 22/2018) and until 2024 
in Mato Grosso do Sul state (Law N. 19789/2018), 
where the upper Paraná River is located. It will only 
be possible to see a recovery in population length 
after this prohibition period through long-term 
studies.
Our study highlighted that there was a decrease 
in the body size of the migratory fish, mainly due 
to changes in the seasonality in the river level and 
water transparency caused by the Paraná River 
reservoir cascade. Therefore, measures must be 
implemented to require hydroelectric dams to allow 
the river to exhibit patterns of natural variability to 
support the recruitment of migratory fish and larger 
individuals, thus enabling ecosystem functioning. 
Furthermore, future studies should assess whether 
the changing environmental conditions due to 
the reservoir cascade on the Paraná River have 
altered the fish growth rates, considering species 
identity, and the information gained here may 
be useful when partitioning the effects of distinct 
components (such environmental, climatic or 
fishery) on the fish size structure. 
Our conclusion showed LTER is a good research 
strategy since we could detect these ecological 
changes as well as patterns and the underlying 
processes, which would not be possible with a 
short term- research data. Thus, these studies 
could subside management actions aiming at 
biodiversity conservation and the ecosystem 
services associated with them, demonstrating the 
necessity to keep long-term ecological studies. 
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